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Cell shape can mediate the spatial organization of the bacterial
cytoskeleton SIYUAN WANG, Harvard University, NED WINGREEN, Princeton
University — The bacterial cytoskeleton guides the synthesis of cell wall and thus
regulates cell shape. Since spatial patterning of the bacterial cytoskeleton is critical
to the proper control of cell shape, it is important to ask how the cytoskeleton spa-
tially self-organizes in the first place. In this work, we develop a quantitative model
to account for the various spatial patterns adopted by bacterial cytoskeletal pro-
teins, especially the orientation and length of cytoskeletal filaments such as FtsZ and
MreB in rod-shaped cells. We show that the combined mechanical energy of mem-
brane bending, membrane pinning, and filament bending of a membrane-attached
cytoskeletal filament can be sufficient to prescribe orientation, e.g. circumferential
for FtsZ or helical for MreB, with the accuracy of orientation increasing with the
length of the cytoskeletal filament. Moreover, the mechanical energy can compete
with the chemical energy of cytoskeletal polymerization to regulate filament length.
Notably, we predict a conformational transition with increasing polymer length from
smoothly curved to end-bent polymers. Finally, the mechanical energy also results
in a mutual attraction among polymers on the same membrane, which could facili-
tate tight polymer spacing or bundling. The predictions of the model can be verified
through genetic, microscopic, and microfluidic approaches.
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